Using intraday data, this paper investigates empirically the joint stock and corporate bond markets responses to the September 2008 stocks short sell ban. The study intends to exploit the natural experiment in order to asses the impact of the stock market short sale restrictions (stock market liquidity shock) on corporate bond market variables during the financial crisis period. The short sell ban was one of the levers that regulators pulled in order to manage the financial crisis. The economic question is whether this lever worked or should have been pulled given the complexity of financial market linkages and news dissemination. Recent financial events suggested that, when market conditions are severe, liquidity can rapidly decline or even disappear. Liquidity shocks are the potential channel through which asset prices are influenced by liquidity. However, the standard theoretical equilibrium asset pricing models do not consider trading and thus ignore the time and cost of transforming cash into financial assets and viceversa hence ignoring the impact of the liquidity shocks. Therefore, investigating liquidity shocks empirically, their transmission across markets is of high interest especially during times of high turbulence as we recently witnessed. We use vector autoregression (VAR) approach to model stock and corporate bond returns, volatilities and transaction costs simultaneously, obtaining an econometric reduced form that incorporates causal and feedback effects among the two markets variables. Using VAR tools, we found that shocks in stock market (short sell ban) had a significant negative impact on corporate bond market variables during the time under investigation.
Introduction
What news or events move corporate bond market liquidity and prices? The answer to this question is of high interest to anyone monitoring the financial markets from traders and fund managers exploring buying and selling opportunities from price fluctuations, to central bankers using asset prices to manage investors' expectations.
Financial markets are driven by news and information. The standard asset pricing theory assumes that all market participants possess the same information. However, in reality different traders hold different information. Some traders might know more than others about the same event or they might hold information related to different events. Even if all the traders hear the same news in the form of a public announcement, they still might interpret it differently. Therefore, financial markets cannot be well understood unless one also examines the asymmetries in the information dispersion and assimilation process.
Depending on their information set, traders buy or sell assets. Informed agents' trading activities are motivated by private information about the real value of the assets not known to the other market participants. They act strategically in the attempt to make a profit out of this private information.
On the other hand, traders who do not receive information are still conscious of the fact that the actions of the informed traders are driven by their information set and they try to infer the other traders' information. In consequence, the uninformed (liquidity) agents face the learning problem of inferring the true value of the traded assets by observing the behavior of the other traders. The usual way they learn is by looking at the market information such as prices, volumes and volatilities. In addition to a particular market information, comes all the available public information including other markets' variables and news released in those markets.
On September 18th 2008, the United States Securities and Exchange Commission (SEC) announced
an Emergency Order restricting short sales in the stock market for 900 financial firms that included banks, insurance and securities firms, companies belonging to the highly leveraged financial sector. that such announcement and applied restrictions had for the corporate bond market. Does a short sell ban applied in the stock market have any impact on corporate bond market prices, volatility and liquidity? What are the potential channels through which a stocks short sell ban could influence the corporate bond market variables? How fast is the new information related to the ban incorporated into the corporate bonds prices? Do short sell restrictions in the stock market move the pessimist investors from the stock market into the corporate bond market? What are the cross market effects of announcing and imposing such restrictions during abnormal periods as for example a financial turbulence? Is there any empirical evidence that these two markets are integrated? These are the main empirical questions that we intend to address in this paper.
In order to motivate our proposal of joint consideration in analysis of both markets, we provide an intuition that relies on the bond price determination theory. According to this theory, a bond price equals the present value of all future cash flows from the asset discounted at a certain discount rate.
More formally, the time t price of a n-period bond B equals the discounted sum of all future coupon payments and the face value of the bond:
where B(T ) is the price of the coupon bond maturing at date T , C t is the dollar amount of coupon payments at date t, F V t is the dollar amount of face value at time t, and Y (T ) denotes the "yield-tomaturity" of the coupon bond maturing at date T .
By Fisher decomposition and the Expectation hypothesis we have that the interest rate at time t on the n period nominal bond, Y n t , can be decomposed into a real interest rate component and an average expected inflation component
where Y n t denotes the n-period nominal yield, E(R n |I t ) is the real interest rate and E(π n |I t ) is the inflation expected to prevail over the n periods given the information set at time t, I t . The above relationships imply that any change in bond yields and bond prices are by definition caused by changes in the information set I t . Therefore, news can cause revisions to what is currently built into the corporate bond prices. 5 More specific to our paper's topic, news about a short sell ban in the stock market could cause corporate bond market participants to revise their expectations, and this could be reflected in higher corporate bond market volatility compared with a period free of such event.
This theoretical result motivated us to explore empirically the effects that such event implied for the corporate bond market variables: returns, volatility and liquidity.
This research contributes to the existing literature in a number of ways. First, this paper examines jointly the stock and corporate bond markets dynamic properties. In the market microstructure literature, there are some recent papers, as for example Chordia et al. (2005) , Goyenko et al. (2009 a and b) , that analyzed the joint stock and bond markets dynamics. However their research investigated joint dynamics of stocks and treasury, having as underlying motivation a "flight-to-quality" phenomenon. 6 This is not our case framework since both assets considered are risky. Second, it examines the corporate bond market reactions to a short sell ban in the stocks market, a topic that did not receive attention so far in the theoretical and empirical short selling literature. Moreover it investigates the relationship between these two markets and reactions to the ban during the 2008 financial crisis, an important topic since relationships among different assets and financial markets may be very different during financial turbulence periods versus the normal times. The liquidity behavior during a financial crisis, for example, a subject of high interest for financial market participants and regulators, may be very different compared to the one from the normal periods. In this respect, our empirical study may potentially be of high interest to anyone who monitors financial markets since investors may behave in an unusual manner at certain points during a business cycle, as for example a recession or financial downturn. Market participants may perceive, at least temporary, that some macroeconomic announcements, as for example a short sell ban, is more important than others which in turn will lead to heightened attention being paid to the respective news. Therefore it is reasonable to assume different market reactions depending on the state of the business cycle. Since the short sell ban was one of the levers that regulators pulled to manage the 2008 financial crisis, this study allows us to shed some light on the un-addressed in the literature but significant economic question on whether this lever worked or should be pulled.
We model volatilities, returns and transaction costs of equity and corporate bond markets simultaneously using the vector autoregression method (VAR). 7 VAR method is in particular suitable for our investigation because it allows an explicit comparison of liquidity and other markets variables of interest across different macroeconomic regimes. This method allows one variable to depend on the current and lagged values of other variables under study building a system that incorporates causal and feedback effects among the two markets variables. Moreover, the econometric methodology proposed in this paper is suitable for studying the long-run equilibrium properties of two markets in which 6 Flight-to-quality means the action of investors moving their capital away from riskier investments to the safest possible investment vehicles. This flight is usually caused by uncertainty in the financial markets.
7 VAR method was pioneered in market microstructure analysis by Hasbrouck (1995) . Recent papers that modeled simultaneously different markets using VAR method are Chordia, Sarkar and Subrahmanyam (2005) , Goyenko et al. (2009 a and b). assets are traded with different frequencies.
8 In this modeling framework we can explicitly deal with questions related to the information contained in prices, how information is assimilated across the two markets, the behavior of transaction prices and how the spreads respond to the same market generated as well as other markets or/and public information. We construct impulse-response functions that show how the system reacts to a perturbation to its long-run equilibrium. Impulse response analysis is, also, useful for documenting market resilience i.e. the speed with which market variables tend to converge back to the initial equilibrium after a perturbation to the system. In addition, we are able to investigate causality issues among the two markets' variables by running Granger-causality tests, and construct markets' predictions at different horizons using forecast error variance decomposition tool.
Our empirical findings point to a deterioration in both stock and corporate bond markets quality for the firms that were subject to September 2008 short sell restrictions. The short sell ban had a negative impact for the liquidity in the stock and corporate bond markets as bid-ask spreads widened, increased the volatility in both markets, and price in the corporate bond market revealed a decreasing trend. This last fact coupled with a substantial increase in the corporate bonds volume for the firms subject to the ban suggested the possibility that short selling strategy might had been intensified in the corporate bond market after the ban, potentially due to moving some pessimists from the stock market into the Over-the-Counter (OTC) market. In this respect, our results have some policy implications, supporting an integrated view regarding future regulatory measures. For financial markets law-makers and regulators, it suggests that future regulatory measures should consider simultaneous actions in both markets.
The remainder of the paper is structured as follows. Section 2 reviews the short selling literature and discusses our contribution to this literature. Section 3 describes our empirical hypotheses. Section 4 presents data and defines the system's variables. Section 5 describes the transaction costs' calculations for the two markets. Section 6 reviews the VAR method used. The main results are discussed in section 7. Section 8 concludes.
Literature Review
Tough there is an extensive literature that analyzes the stock market effects of restricting short selling strategies for stocks, none of the papers investigated so far either at the theoretical or empirical level how these restrictions impact the corporate bond market, meaning if there are some spillover effects from announcements and restrictions applied in the stock market into the corporate bond market.
This potentially might have happened due to the fact that, unlike the stock market, only recently the corporate bond market became transparent.
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The prior short selling research focused on the effects that such measure had for the stocks market quality, or made comparisons across countries that experienced a ban versus the ones that did not experience such measures in the stock market. The academic literature provided evidence supporting the fact that short sale constraints, regulatory restrictions reduce the efficient pricing of assets, especially in times of negative news.
At the theoretical level, a referential paper is Miller (1977) . He advanced the idea that, in a market with little or no short selling, the demand for a particular security will come from the minority who holds the most optimistic expectation about it, and since divergence of opinions is likely to increase with risk, it is possible that expected returns will be lower for risky securities rather than higher. Diamond and Verechia (1987) investigated the effects of short sale constraints on the speed of price-adjustment to private information. Their model predicted that, in the presence of short sale constraints, information has an asymmetric impact on asset prices meaning that the short sell constraints result in a different dissemination of positive and negative information.
Work by Abrew and Brunnermeier (2002) , Andersen (2008) , Brunnermeier and Pedersen (2008) showed that short sale constraints can lead to bubbles and excessive volatility. Lamont (2004) examined the effects of short sales and market frictions on the efficiency of price discovery for a sample of firms that took legal and regulatory actions to impede the short sales of their stocks. He found that firms which took these actions underperformed in the year subsequent to the legal and regulatory action, a result consistent with the hypothesis that short sales constraints facilitate stock overpricing resulting in low expected returns. Charoenrook and Daouk (2005) made the first step in investigating the effects of imposing short sell restrictions across markets by comparing the stock market variables of countries in which this strategy was restricted versus the ones where it was not. They analyzed historical short selling data, put option trading regulations and practices for 111 countries. The authors concluded that the way the liquidity will evolve in the restricted markets will depend on which effect dominates: investors' trading activity determined by market returns or inventory concerns determined by volatility. Charoenrook and Daouk (2005) found that when short selling is possible, aggregate stock returns are less volatile, there is greater liquidity, and the overall market quality improves. They did not find any evidence that short-sale restrictions increase the probability of a market crash.
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Empirical Hypotheses
In this section we will address several specific empirical questions and formulate the hypotheses regarding the effects of the short sell restrictions applied in the stock market for the corporate bond market variables. For each of these questions, we will first discuss the theoretical background and then derive the testable implications.
A very popular class of models in the market microstructure literature is the asymmetric information one. 12 13 These models examine market dynamics subject to a single source of uncertainty, that is, a single information event. However in the actual securities markets, information often arrive in a lumpy fashion. Long periods with no new information and steady or sluggish trading are punctuated by periods of extremely active trading before, during, and after major news announcements. These models' general implication is that market activity and volatility change over time because new information becomes available to traders at a varying rate, therefore volume and volatility influence prices because they are correlated with private information about the securities' true value.
A different group of models, which is the sequential market trade group, makes a step further by establishing a connection between information asymmetries and observable market phenomena. The simple sequential trade model of Glosten and Milgrom (1985) , for example, posits that the proportion of informed traders in the population is positively related to both bid-ask spread and the revisions in beliefs. These results suggest using the bid-ask spread or the impact an order has on subsequent prices as proxies for the asymmetric information.
Recent microstructure research proposed a multi market simultaneous analysis for better modeling and understanding of the financial markets linkages. 14 Other markets variables could help explain a particular security dynamics since markets for different securities often interact. These other variables include orders, trades and prices of related securities. By considering other markets relevant variables 11 Research on the stock short sell restrictions subject is more extensive, but the focus is on other issues than the ones we investigate in this paper: cross markets effects. For an extended review of this literature, readers can refer to work by Bris, Goetzmann, and Zhu (2004) , Shkilko, Bonnie Van Ness, and Robert Van Ness (2007) , Daske, Richardson, and Tuna (2005) , Diether, Lee and Werner (2005) , Chen and Singal (2001) , Hong and Stein (2003) .
12 The referential paper is Bagehot (1971) . 13 There is an extensive literature that built on this idea as for example Kyle (1985) , Glosten and Milgrom (1985) , Easley and O'Hara (1987, 1992) , O'Hara (1995) , Diamond and Verrechia (1987) , Admati and Pfleiderer (1988) .
14 For example, Chordia et al. (2001) and Goyenko et al. (2009) showed that stocks and bonds (treasury) liquidities comove. Also, Brunnermeier and Pedersen (2008) , Chordia et al. (2005) suggested that macroeconomic variables and stock price volatility may impact bond market liquidity by affecting market-making costs.
we obtain multivariate models that, under certain circumstances, can identify price changes with a particular source of information.
15 Relying on different securities interaction hypothesis Huang and Stoll (1997) , for example, based their three-way decomposition of a stock spread on the fact that inventory-induced quote changes result not only from inventory changes in the stock being examined but, also, from inventory changes in other stocks. Their approach assumed that inventory effects relate to the entire portfolios held by the suppliers of the liquidity. Huang and Stoll (1997) hypothesis was that a liquidity supplier who buys a stock at the bid will not only lower the bid and ask prices of the respective stock, but will also lower the bid and ask prices of other correlated stocks. The portfolio approach analysis allows for the possibility that quotes in a security be adjusted by a different amount than the one implied by the information content or inventory effect only for the respective stock.
Selling and buying pressure in other securities will produce quote changes in the respective stock as the liquidity suppliers attempt to keep their overall portfolio in balance. Huang and Stoll (1997) noted that this type of adjustments were obvious during October 1987 market crash event, when relentless selling pressure in the absence of any specific news produced inventory-induced quote changes in specific stocks. The authors provided, also, a motivation for considering the empirical analysis of different securities jointly using an econometric method that accounts for correlations across securities (as our proposed VAR method does). Because all securities respond to marketwide public information, and the public information shocks could be contemporaneously correlated across securities, they claim that, by modeling simultaneously n securities, we may get a more efficient estimation.
In our particular equity and corporate bond markets framework, the theoretical explanation goes back to Merton (1974) . He showed that both equity and corporate bond are derivatives of the same firm's value, therefore it should be a relationship between the values of these two securities, and between the equity and corporate bond markets. In practice, also, a number of asset allocation strategies shift wealth between the stock and corporate bond markets so the trading processes may reflect these long-term interactions and may exhibit other dependencies as well. Consequently, trades across these two markets may be correlated, also, for non-informational issues as for example optimal portfolio choices and arbitrage.
Our first question and empirical hypothesis is based on Holden (1995) In our empirical framework, we assumed that the liquidity shock in the stock market is the imposed short sell ban. Our first hypothesis is the testable implication of Holden (1995) model:
H1: After imposing short sale restrictions in the stock market (a liquidity shock in the stock market), we hypothesize that liquidity in the stock and corporate bond markets will decrease. Moreover, we expect volatility in both markets to remain the same.
Market liquidity is a fundamental concept in finance and it refers to the ability of buying or selling 17 Within the same line of research, Subrahmanyam (1991) built a model that showed how the introduction of a basket of securities had implications for the informativeness and variability of prices, and market liquidity. He characterized the strategic trading decision of liquidity traders that may trade either in individual securities or portfolios, and examined the "lead-lag" relationships between these, which means that the tendency for movements in one price provides predictive information about subsequent movements in another price. Subrahmanyam (1991) showed that movements in both the price of the individual security and the price of the basket provide information about the subsequent movements in the price of the other.
18 See, also, Kumar and Seppi (1989) for research in the same thread.
19 Grossman and Miller (1988) claimed that arbitrageurs, by taking offsetting positions in different markets simultaneously, can smooth the pressure of order imbalances from one market to the other, therefore price concession and the cost of transacting are kept smaller in both markets due to arbitrage trading. Their opinion was that the effective market-making capacity during and in the period immediately after the October 1987 crash was reduced by imposing restrictions on "program trading" which cut the arbitrage.
large quantities of assets quickly and at a low cost. Market liquidity is high when it is easy to raise money by selling the asset instead of borrowing against it, meaning that it is high when selling the asset does not depress the sale price too much. Everybody who stands ready to take on the other side of a trade provides market liquidity. These include opportunistic traders or potential investors who are ready to jump in whenever selling/buying pressures cause a temporary price decrease/rise. Large price movements will occur when several traders attempt to get out of the identical positions at the same time.
Our second question relates to a different understanding of the market liquidity concept than the one stated above, which is market resilience. As Kyle (1985) noted, "market liquidity" is a slippery and elusive concept, in part because it encompasses a number of transactional properties of the markets.
These include "tightness" (the cost of turning around a position over a short period of time), "depth"
(the size of an order flow innovation required to change prices a given amount), and "resiliency" ( the speed with which prices recover from a random, uninformative shock).
20 Our second hypothesis refers to the "resiliency" understanding of the market liquidity concept which means: if the price drops temporarily how long it will take to bounce back?
From the liquidity perspective, multimarket linkages introduce complex, and often conflicting effects on market liquidity. While portfolio rebalance motives and arbitrage would ultimately draw the markets together, their immediate impact is to increase the bid-ask spread in both markets, thus reducing the liquidity in both. With respect to the market resilience concept, we formulate our second question as following:
Question No. 2: What are the effects of a liquidity shock in stock market for the stock and corporate bond markets' resilience ?
Our second hypothesis regarding the market resilience is the following:
H2: A short sell restriction in the stock market increases market resilience in the stock market and decreases market resilience in the corporate bond market.
Many market microstructure models showed that, in the limit, prices converge to their full information values, but they do not give any information about the speed or time this adjustment process takes, and how exactly this convergence is impacted by multimarket considerations. Subrahmanyam (1991) suggested that, if agents have symmetric access to both systematic and idiosyncratic infor-mation, then neither market can act as a dominant price discovery market. However agents in the "price discovery" literature may find prices in some market more informative about the true value of the asset traded in the respective market than prices in other markets. Differential learning that divergent prices permit to the market participants may have an effect on the speed of convergence to the assets' full information values for different markets.
Manganelli (2005) took the first step in investigating empirically the differences in the speed of convergence for securities belonging to the same market. Using a sample of 10 stocks separated in two groups according to their trading intensity, he found that price variance of more frequently traded stocks converges more rapidly to the long-run equilibrium after an initial perturbation. Our third question extends Manganelli (2005) investigation from stock market to multimarket considerations.
We investigate the speed of convergence to the full information value for the variables in the corporate bond market after a stock market perturbation (short sell ban). In this respect, useful tools for this kind of analysis are VAR's impulse response functions.
Question No. 3: How long does it take for the new information regarding the short sell ban in the stock market to be impounded into the corporate bond prices?
Our testable implication for the third question is:
H3: Volatility of corporate bonds, which are less frequently traded securities than stocks, should converge less rapidly than volatility of stocks to their long run equilibrium after an initial perturbation in the stock market.
Theoretical models with differences in beliefs predict that short sales constrains should cause stock prices to rise and become overvalued. In these models, shorting restrictions eliminate the pessimist investors from the market, and optimist investors do not take into account the absence of pessimists in setting prices. Supposing that the pessimistic investors actively manage a portfolio of stocks and bonds, we expect that, being restricted to short sell in the stock market, these investors will move the short selling activities from the restricted stock market into the unrestricted corporate bond market. From the perspective of the liquidity traders a conjecture that was not addressed so far in the microstructure models but it is often stated, is that liquidity traders prefer less volatile markets.
According to Admati and Pfleiderer (1988) , they prefer to trade when the market is "thick", that is when their trading has little impact on prices, creating a concentration of trading activity. On the other hand, informed traders, also, want to trade when the market is thick. Consequently, liquidity could be enhanced in a less volatile market by simply adding more market participants willing to trade. In our stock short sell ban context, this will imply that liquidity in the corporate bond market would increase due to the increased number of market participants willing to trade in the unrestricted market.
Our fourth question is related to the short selling theoretical models' implication which is eliminating the pessimist investors, mostly informed investors according to the literature, from the stock market. Given a specific trading mechanism, it may be possible to investigate the effects of multiple informed traders on market behavior. This is the approach taken in Holden and Subrahmanyam (1992) , who developed a multi-period auction model in which multiple privately informed agents strategically exploit their long-lived information. Holden and Subrahmanyam (1992) showed that, in contrast to Kyle's results, the informed traders tend to trade more aggressively than their monopolist counterpart. In the limit, as the number of informed traders goes to infinity, all their private information is revealed immediately. The same result holds with just two informed traders, as the number of auctions (trades) increases and tends to infinity. Holden and Subrahmanyam (1992) The question can be reformulated to a more testable version:
Does a short sell ban in the stock market result in a greater activity in the corporate bond market due to potentially a higher number of informed traders who switch from the stock market into the corporate bond market?
Our testable implication of Holden and Subrahmanyam (1992) model is the following:
H4: A short sell ban in the stock market has as effect an increase in the corporate bond market volume and price variance.
Therefore, we hypothesize that, in our short sell ban context, the pessimist investors, being restricted to short sell in the stock market, switch into the corporate bond market, and this result in an increase in the number of traders and trading intensity.
Data and Variables
We use tick-by-tick stock data from Trades and Quotes ( Merging Trades and Quotes files has to be done with care accounting for several problems acknowledged by the empirical market microstructure research. One problem is that trades and quotes updates take place at different times. Usually quotes are updated after a trade takes place. Another known problem is that the time stamps on trades and quotes are systematically different. The main reason is that quotes are entered into the system by the specialist, while trades are entered by the exchange clerks. Because his trading profits are at stake, the specialist will usually enter the quotes in a very timely manner. In contrast, data executed on trades serve primarily an accounting purpose, and the immediate recording is not essential as for the quotes. As a result, trades are typically entered with a delay, mostly ranging between 5 and 15 seconds. Moreover, because reported trades represent matches of buyers and sellers at a certain price, trade direction cannot be observed directly.
Therefore we need to employ a method to identify if the trade is a buyer or a seller initiated trade.
The two commonly used procedures to infer trade direction from trades and quotes data are the tick test and the quote test. 21 The tick test classifies a trade as buyer-initiated if the trade price is above the previous price. Correspondingly, when the current price is below the previous one the trade is classified as seller-initiated. The quote test compares the current price to the prevailing quotes. If the transaction takes place above the quotes midpoint, it is considered to be buyer-initiated while if it is below the midpoint it is considered to be seller-initiated. For this paper, we computed both measures, and, as suggested by Lee and Ready (1991) , use a combination of them to infer trade direction.
We obtained the data set necessary to calculate the stock transaction costs by the following steps.
In a preliminary step, we combined all trades that took place at the same second and price. The underlying intuition is that these individually reported trades are in fact part of the same order, and therefore should be combined (by summing the number of shares). The next preliminary step was to correct the time stamps which means to correct the reporting delay associated with the trade time (five seconds delay), and compute the tick test. Then we computed the quote changes that also affected the quote midpoint and we combined the trades and quotes. In order to estimate the transaction costs measures we need to identify the quotes that were posted at the time a trade was executed. From the merged data set, the most recent quote record that precedes a certain trade is the prevailing quote for the respective trade.
The stock intraday data were purged for the following reasons: trades out of sequence, trades recorded before the opening, 9:30 a.m., or after the closing time, 16:00 p.m., and trades with special settlement conditions (because they might be subject to distinct liquidity considerations). Negative bid-ask spread quotations, transaction prices, and quoted depths were discarded. Following Lee and Ready (1991) , any quote less than five seconds prior to the trade is ignored and the first one at least five seconds prior to the trade is retained.
The TRACE data set includes all reported Over-the-Counter (OTC) trades in corporate bonds. The variables to be included in the vector autoregression are returns from both markets, volatilities and transaction costs. The way we calculated the daily aggregate values for the variables to be included in the VAR, was first by computing from tick data the equal-weighted average of each variable for each security, and then obtaining the equal-weighted average across all securities for each day. The returns are computed as the difference in log prices.
Transaction Costs Calculations
Stocks Transaction Costs Calculation
For the stock transaction cost variable we calculated quoted spread as
where Ask and Bid are intraday stock quoted ask and bid prices.
Alternatively, one can use the stock effective spread which is calculated as twice the absolute value of the difference between trade price and the midpoint of the prevailing bid-ask quote.
Corporate Bonds Transaction Costs Estimation Method
As Edwards et al. (2007) pointed out, corporate bond data present two challenges for the transaction costs measurement. First, since quotation data do not exist for the corporate bond market 23 , we cannot estimate transaction costs for each corporate bond trade using transaction methods based on benchmark prices such as the quoted or effective spreads. Instead we need to estimate the transaction costs using an econometric model. The second problem relates to the scarcity of data for many bonds. Since the econometric model does not benefit from information in contemporaneous observable benchmark prices, our results are less precise than if such information were available.
We employ Huang and Stoll (1997) Let S t denote the effective round trip spread, meaning the difference between the price at which dealers will sell a bond and the price at which they will purchase the bond at time t. Let P t denote the transaction price at time t, V t denote the unobservable true value of the bond at time t, and let Q t be an indicator variable that equals 1 if the time t trade is a customer buy, -1 if it is a customer sell, and 0 if it is an interdealer trade.
Innovations in the underlying value of the bond are attributable to public information releases and, potentially, private information revealed through buy or sell orders:
where γ reflects the private information content of a buy or sell order and ε t represents new public information. We assume that a fraction w of the public information eventually becomes observable to econometricians in the form of data with realizations X t , while the remaining portion is due to unobservable innovations U t that represent statistical noise:
Assuming that the spread is symmetric, customers buy (sell) at a price that exceeds (is less than) the underlying bond value by half the effective spread:
Let ∆ denote the difference between the observation at date t and the preceding observation, then the first differences of the previous three expressions can be combined to give:
The last two expressions suggest that the half spread can be estimated by appropriately specified regressions of observed (changes in) prices on (changes in) buy-sell indicator variables.
Based on the last equation, we estimate regressions of the form
The specification is identical to the regression equation 5 in Huang and Stoll (1997) with the exception that Bessembinder et al. (2005) allows for the effect of observable public information on the underlying bond value. The authors claim that the inclusion of public information is potentially important for corporate bonds since the elapsed time between trades can be long. We assumed, as the authors, the spread to be symmetric or, equivalently, that the dealer inventory cost do not affect dealer reservation prices.
Furthermore, suppose that the spread for trade t depends on the variable Z t according to the relationship:
where the * denotes the fact that the variable Z t is expressed as deviations from its own time series mean.
Substituting the last equation in the previous one gives an expanded indicator regression model:
In the last expression, the coefficient b 0 estimates the half-spread conditional on a specific outcome on the explanatory variable Z t , while the coefficient b 1 estimates the effect of variable Z t on the halfspread. The candidates for inclusion in Z t should be variables that plausibly affect the cost of corporate bond market making. For example, Demsetz (1968) had argued that increased trading volume should reduce bid-ask spreads. Therefore we opted, following Edwards et al (2006) and Bessembinder et al. (2005) , for the selection of the dollar trading volume as the Z t variable.
Econometric Method for Investigating Cross Markets Effects
In this section we discuss the econometric procedure used to investigate cross market effects, which is vector autoregressive method (VAR). We review briefly the method and the test statistics that is used to evaluate if there is any relationship across markets during the investigated period.
Vector autoregression method (VAR) is one of the most widely used method in empirical finance.
The underlying assumption in VAR analysis is that the evolution of the endogenous variables of interest can be represented by a set of simultaneous linear equations y t with y t = [y 1,t , ...y k,t ] where k = 2 in our case, with each variables having feedback from its own lags and other variables lags. All VAR equations include lags up to a maximum of order p where p is determined, in our case, using
Akaike information criterion (AIC).
The joint dynamics of the endogenous variables for the two markets is modeled using the reduced form VAR:
where c t is the vectors of deterministic terms, and ε t are the error terms that are assumed to have a non-diagonal variance-covariance matrix E[u t u t ] = Σ. We assume that the error terms are serially uncorrelated across markets.
In what is following we present shortly the main VAR tools that we employ: impulse responses, variance decomposition and Granger causality test.
In the applied VAR literature it is very rare to report VAR coefficients. Since the number of parameters is large, presenting all of them is cumbersome. Furthermore, they are poorly estimated:
except for the first own lag, they are usually all insignificant. It is therefore wide practice to report functions of the VAR coefficients which summarizes information better, have some economic meaning, and are potentially more precisely estimated. Among the many possible functions two are the most used: impulse response functions and variance decomposition.
Impulse responses trace out the moving average (MA) of the system, i.e. they describe how y i,t+τ responds to a shock in e i,t . The main purpose of the impulse response functions is to identify structural shocks. Calculation of meaningful impulse responses requires orthogonal disturbances, meaning that they are mutually uncorrelated and have a diagonal variance covariance matrix E[u t u t ] = D, which in our case will be market specific.
In order to identify responses of the endogenous variables y t to the structural shocks, we need to find a matrix A such that Au t = ε t , hence Σ = ADA . If each A is a full-rank nxn matrix, then we can define as an impulse response vector any column a of this matrix A.
We calculate the impulse response functions using the nonrecursive (companion) form approach.
We stack the equations as
where
The first k rows of the Φ h provide the endogenous variables responses to the shocks, where h represents the horizon of interest.
The variance decomposition measures the contribution of e i,t shock to the deviations of y i,t+τ from the baseline forecasted path, where τ = 1, 2, ... . To derive the variance decomposition, we need firstly to calculate the τ -step-ahead forecast error y t+τ −ŷ t+τ |t and the mean square error of the forecast (MSE), M SE(ŷ t+τ |t ) = E[(y t+τ −ŷ t+τ |t )(y t+τ −ŷ t+τ |t ) ]. Hence, the percentage change of the variance in y i,t+τ due to e i,t is the fraction of the variance due to each individual shock divided by the MSE of the τ forecast period.
Since VARs are reduced-form models, it is impossible to economically interpret the dynamics induced by their disturbances unless theory comes into play. Typically, restrictions employed by the literature included restrictions on the short run or the long run impact of certain shocks on VAR variables or informational delays. Selecting meaningful restrictions is always a difficult task. To disentangle the shocks that might affect the variables of the market k, we make some assumptions and impose a particular causal ordering of the endogenous variable using the Cholesky decomposition of matrix Σ. For examples we assumed that "surprises" in the price level and volatility may be associated with changes in trading volume. Therefore our chosen ordering for VAR variables was to place bond and stock returns first, and place bond and stock transaction costs last, after the markets' volatilities.
One key question that can be addressed with vector autoregression method is how useful some variables are for forecasting the others. If a variable y 1,t cannot help forecast another variable y 2,t , we say that y 1,t does not Granger-cause y 2,t . More formally, y 1,t fails to Granger-cause y 2,t if for all s > 0 the mean squared error of a forecast of y 1,t+s based on (y 1,t , y 1,t−1 , ...) is the same as the MSE of a forecast of y 1,t+s that uses both (y 1,t , y 1,t−1 , ...) and (y 2,t , y 2,t−1 , ...).
We investigate if the stock liquidity shock had any impact for the corporate bond market variables using the block exogeneity version of the Granger causality test. Thus, to test the null hypothesis that the n 1 variables represented by y 1 are block-exogenous with respect to the n 2 variables represented by y 2 , we perform OLS regressions of each of the elements of y 1 on a constant, p lags of all of the elements of y 1 , and p lags of all of the elements of y 2 , then we calculate the variance-covariance matrix of residuals,Ω 11 = (
Next we perform OLS regressions of each of the elements of y 1 on a constant and p lags of all the elements of y 1 , then we calculate the variance-covariance matrix for the residuals obtained from this regressionΩ 11 (0) = (
is greater than the 5% critical value for a χ 2 (n 1 n 2 ) variable, then the null hypothesis is rejected, and the conclusion is that some of the elements of y 2 are helpful in forecasting y 1 . Tables 1 and 2 report the summary statistics for the 900 tickers under our investigation. For variables used from both markets we report the total number of observations, the mean, median, mode, standard deviation, skewness, kurtosis, range and interquartile range in order to capture a detailed picture about the distributions of the variables in the two markets. The sharp difference in the number of observations for the price variable (which also represents the number of trades in the market) between the two markets reflects an important difference for the stock and corporate bond markets which is trading intensity. 
Empirical Results
Descriptive Statistics
Results for Hypotheses Investigation
The focus of our empirical analysis will be on cross-market effects and causality issues between the stock and corporate bond markets.
Investigating Question No. 1: What are the effects of a liquidity shock in the stock market for the corporate bond market liquidity, returns and volatility ?
In order to answer this question, we first estimate the VAR model then we obtain impulse response functions and conduct Granger causality tests. The impulse response functions (IRFs) uncover the joint dynamics implied by the VAR system. IRFs trace the impact of a one-time, unit standard deviation shock on the current and future values of the endogenous variables. In order to get meaningful IRFs, innovations are orthogonalized using a Cholesky decomposition of the VAR residuals. 24 We plot the impulse responses and the 95 % theoretical confidence bands for a period of 20 trading days (steps). Figure 10 displays the impulse response functions of the endogenous variables to a shock in the stock market liquidity. The impulse responses show that a shock in the stock market liquidity had as result a decrease in the corporate bond market returns and liquidity, and an increase in the corporate bond market volatility. The confidence intervals are tight around the impulse response functions suggesting a good choice of lag length and significant responses. Table 5 reports Granger-causality tests among the endogenous variables. The tests are reported assuming the same number of lags in VAR for variables from both markets. Based on Akaike information criterion (AIC), we chose a VAR model with one lag length. We found that the stock market liquidity Granger-cause corporate bond volatility and the time-series cross-dependence is significant at 5 % (p-value=0.0164). We, also, found that causality between the stock and corporate bond markets volatilities runs in both directions and is significant at 10 % (p-value=0.0574 when causality runs from the stocks volatility toward the corporate bonds volatility, and p-value=0.0249 when causality runs from the corporate bonds volatility toward the stocks volatility). Moreover, stock market returns Granger-cause corporate bonds volatility (p-value=0.0071), and corporate bond market returns Granger-cause stocks volatility (p-value=0.0099).
From investigating the correlation among VAR variables for the September 2008 period ( Table 3) we found that cross market correlations were positive and relatively high with the exception of the correlation between stocks volatility and corporate bonds returns which was strong and negative.
Therefore, using data for the September 2008 financial crisis period, our empirical results support partially hypothesis 1 by finding that liquidity decreased in both markets.
Investigating Question No. 2: What are the effects of a liquidity shock in the stock market for the stock and corporate bond markets' resilience ? (where market resilience was defined as the speed with which prices recover from a random uninformative shock)
In order to answer this question we need to investigate again the impulse response functions of the endogenous variables to a stock liquidity shock displayed in Figure 10 . Figure 10 shows that stock variables recover faster than corporate bond variables after a stock liquidity shock. The corporate bond returns and volatility return to the long run equilibrium after 8 periods versus the corresponding stock variables that return after approximately 6 periods. Therefore, after a stock liquidity shock, the stock market resilience is higher than the corporate bond market resilience, and our empirical results confirm hypothesis 2. 
Conclusion
This empirical study exploits the natural experiment from September 2008 that is the U.S. Securities and Exchange Commission Emergency Order prohibiting stocks short sales for 900 financial firms.
We investigated the impacts such a measure had for the corporate bond market during the September 2008 period. We report evidence that short sale restrictions in the stock market had a negative impact on corporate bond market quality. This evidence supports an integrated market view from the regulatory side, suggesting that future regulatory measures should consider simultaneous actions in both markets. The upper, middle and lower lines are, respectively, the 95th, 50th, and 5th percentile based on the sample of estimated response functions for stocks and corporate bonds belonging to the 900 financial firms that were subject to the September 2008 short sell ban. The data cover the period from September 1st 2008 till September 30th 2008. As notation the following mapping is valid: Retb are the corporate bonds returns, Rets are the stocks returns, V olatb is the corporate bonds volatility, V olats is the stocks volatility, Spreadb are the corporate bonds transaction costs, and Spreads are the stocks transaction costs.
Figure 6: Impulse response functions of endogenous variables to a shock in stocks returns. The upper, middle and lower lines are, respectively, the 95th, 50th, and 5th percentile based on the sample of estimated response functions for stocks and corporate bonds belonging to the 900 financial firms that were subject to the September 2008 short sell ban. The data cover the period from September 1st 2008 till September 30th 2008.As notation the following mapping is valid: Retb are the corporate bonds returns, Rets are the stocks returns, V olatb is the corporate bonds volatility, V olats is the stocks volatility, Spreadb are the corporate bonds transaction costs, and Spreads are the stocks transaction costs.
Figure 7: Impulse response functions of endogenous variables to a shock in corporate bonds volatility. The upper, middle and lower lines are, respectively, the 95th, 50th, and 5th percentile based on the sample of estimated response functions for stocks and corporate bonds belonging to the 900 financial firms that were subject to the September 2008 short sell ban. The data cover the period from September 1st 2008 till September 30th 2008. As notation the following mapping is valid: Retb are the corporate bonds returns, Rets are the stocks returns, V olatb is the corporate bonds volatility, V olats is the stocks volatility, Spreadb are the corporate bonds transaction costs, and Spreads are the stocks transaction costs.
Figure 8: Impulse response functions of endogenous variables to a shock in stocks volatility. The upper, middle and lower lines are, respectively, the 95th, 50th, and 5th percentile based on the sample of estimated response functions for stocks and corporate bonds belonging to the 900 financial firms that were subject to the September 2008 short sell ban. The data cover the period from September 1st 2008 till September 30th 2008. As notation the following mapping is valid: Retb are the corporate bonds returns, Rets are the stocks returns, V olatb is the corporate bonds volatility, V olats is the stocks volatility, Spreadb are the corporate bonds transaction costs, and Spreads are the stocks transaction costs.
Figure 9: Impulse response functions of endogenous variables to a shock in corporate bonds transaction costs. The upper, middle and lower lines are, respectively, the 95th, 50th, and 5th percentile based on the sample of estimated response functions for stocks and corporate bonds belonging to the 900 financial firms that were subject to the September 2008 short sell ban. The data cover the period from September 1st 2008 till September 30th 2008. As notation the following mapping is valid: Retb are the corporate bonds returns, Rets are the stocks returns, V olatb is the corporate bonds volatility, V olats is the stocks volatility, Spreadb are the corporate bonds transaction costs, and Spreads are the stocks transaction costs.
Figure 10: Impulse response functions of endogenous variables to a shock in stocks transaction costs. The upper, middle and lower lines are, respectively, the 95th, 50th, and 5th percentile based on the sample of estimated response functions for stocks and corporate bonds belonging to the 900 financial firms that were subject to the September 2008 short sell ban. The data cover the period from September 1st 2008 till September 30th 2008. As notation the following mapping is valid: Retb are the corporate bonds returns, Rets are the stocks returns, V olatb is the corporate bonds volatility, V olats is the stocks volatility, Spreadb are the corporate bonds transaction costs, and Spreads are the stocks transaction costs. 
